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BEARING PADS

(57)  The invention relates to a fluid film bearing (2)
for a rotor hub (3) of a wind turbine (1) comprising a first
part (10) and a second part (11) rotatably coupled to each
other about a longitudinal axis. According to the inven-
tion, the first part (10) comprises an annular first sliding
surface (14) extending in the circumferential direction of
said fluid film bearing (2) along the first part (10). In ad-
dition, the second part (11) comprises a support structure
(18) and a first group of bearing pads (12, 13) coupled
to the support structure (18) and having a bearing pad
sliding surface (17) configured to slide on the first sliding
surface (14). In addition, the support structure (18) com-
prises a plurality of openings (20) for replacing the bear-
ing pads (12, 13).

FLUID FILM BEARING COMPRISING BEARING PADS AND METHOD OF REPLACING
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Description

[0001] Theinventionrelates to afluid film bearing com-
prising bearing pads. The invention further relates to a
method of replacing bearing pads in a fluid film bearing.
The invention further relates to a wind turbine comprising
said fluid film bearing.

[0002] Windturbines are increasingly used forthe gen-
eration of electrical energy. A wind turbine comprises a
tower and a nacelle mounted on the tower, to which a
hubis attached. A rotoris mounted at the hub and coupled
to a generator. A plurality of blades extends from the
rotor. The blades are oriented in such a way that wind
passing over the blades turns the rotor, thereby driving
the generator. Hence, the rotational energy of the blades
is transferred to the generator, which then converts the
mechanical energy into electricity and transfers the elec-
tricity to the electrical grid.

[0003] In wind turbines, rotatable components like the
hub or a rotatable shaft have to be supported on the sta-
tionary parts of the wind turbine. Therefore, one or more
bearings are used. Due to the loads, which act on the
rotatable parts of the wind turbine during operation, a
bearing used to support the rotatable components of the
wind turbine on the stationary components may suffer
from wear or damage so that repair procedures and/or
maintenance procedures for maintaining the functionality
of the bearing involving a removal of the bearing from
the wind turbine are frequently required. However, due
to the size and the weight of the bearings, especially of
a main bearing of a wind turbine, these procedures may
be tedious and involve external cranes and, in the case
of offshore wind turbines, also the usage of vessels for
supporting the external crane used for removal and/or
replacement of the bearing.

[0004] In EP 3 460 272 A1, a method for changing a
bearing component of a main bearing of a wind turbine
is described. The bearing componentis unloaded by me-
chanically moving the shaft, wherein the bearing compo-
nent is then moved axially from or into its mounting po-
sition by means of a replacement tool device. This pro-
cedure is burdensome and requires a lot of equipment
and complex manoeuvres.

[0005] In particular for fluid film bearings, such as the
one disclosed in document WO 2013/034391 A2, which
comprise a plurality of bearing pads mounted on a bear-
ing ring to allow the rotation of the components, the high
loads transferred by the bearing have to be supported
by the bearing pads, which due to the sliding movement
allowing the rotation of the bearing are prone to wear.
[0006] Especiallyfluid film bearings for relatively heavy
and strongly loaded parts, like the hub of a wind turbine,
endure high wear and tear at the sliding surfaces of the
bearing pads. While this wear and tear is reduced with
the fluid film developing between the bearing pad sliding
surface and the sliding surface of the bearing ring, a cer-
tain amount of wear and tear is still unavoidable, since
the fluid film is only established in these bearings once
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a certain rotational speed is reached. Thus, it is neces-
sary to exchange the pads of fluid film bearings in specific
intervals to ensure a correct function of the fluid film bear-
ings.

[0007] The bearing pads are arranged between the two
rings of the bearing and do not have an easy access for
the service tasks. An exchange of bearing pads of fluid
film bearings is problematic, as to provide access to the
bearing pads, itis necessary to provide a dedicated crawl
space allowing access to the space between the rings.
[0008] Alternatively, access to the bearing pads can
be provided from within the bearing. It is known from EP
3 904 711 A1 that bearing pads can be exchanged
through openings inthe support structure of the bearings.
According to this document, for each bearing pad an
opening is provided at the support structure to allow the
replacement of each single bearing pad through the re-
spective opening. The opening is positioned close to the
pad so that a direct replacement through the opening is
possible. The method presented in this document pro-
vides an efficient and cheaper way of replacing bearing
pads compared to other methods of hoisting the bearing
components out of the wind turbine for replacement, but
each opening at the support structure weakens the struc-
tural integrity of the bearing. This solution can only be
applied for a limited number of bearing pads, which great-
ly restricts the loads that can be transferred by the bearing
and thus the potential load capacity of the bearing. How-
ever, the increasing size of wind turbines and the increas-
ing loads modern wind turbines have to endure require
a high number of pads to be able to support these high
loads. Hence, the solution presented in document EP 3
904 711 A1 is not suitable for modern wind turbines.
[0009] Itistherefore the aim of the invention to provide
a fluid film bearing for wind turbines with a reduced com-
plexity and cost that is also service friendly. It is also an
aim of the invention to provide a method for replacing
fluid film bearing pads which is easier to carry out than
the ones known in the art.

[0010] This problem is solved by a fluid film bearing
according to claim 1 and by a method of replacing bearing
pads of said fluid film bearing according to claim 11.
[0011] According to the invention, a fluid film bearing
for a rotor hub of a wind turbine comprises a first part and
a second part rotatably coupled to each other about a
longitudinal axis. The first part comprises an annular first
sliding surface extending in the circumferential direction
of said fluid film bearing along the first part. The second
part comprises a support structure and a first group of
bearing pads coupled to the support structure and having
a bearing pad sliding surface configured to slide on the
first sliding surface. The support structure comprises a
plurality of openings for replacing the bearing pads.
[0012] The bearing pads can be tilting bearing pads or
non-tilting bearing pads or a combination of both and
support the rotatable part of the bearing on the stationary
part of the bearing in an axial and/or radial direction.
[0013] A bearing pad may comprise several compo-
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nents, e.g. an outer bearing part, a support part for at-
tachmentto a structure by bolts or similar, a tilting support
part to ensure that the bearing pad is able to tilt and/or a
resilient means like e.g. a spring to ensure a preloading
of the bearing pad and the tilting support.

[0014] In a fluid film bearing, a fluid film develops be-
tween the bearing pad sliding surface and the annular
first sliding surface of the first part. Depending on the
configuration, the first part can be the rotating part of the
bearing. Alternatively, the first part can be the stationary
part of the bearing.

[0015] Accordingto the invention, the number of open-
ings in the support structure is lower than the number of
bearing pads so that at least two bearing pads can be
replaced through one of the openings.

[0016] This is particularly advantageous, as openings
in the support structure weaken the support structure,
because drilling openings in the support structure weak-
ens the material around the opening, which may lead to
cracks in the bearing. Mechanical stress may further cre-
ate a risk of fractures in the material and the region of
opening is prone to such fractures due to the weaker
material properties. Hence, less openings result in a
strengthened support structure compared to the support
structures known from the prior art.

[0017] The pad sliding surface, the annular first sliding
surface and any other sliding surfaces discussed below
can be coated to further reduce friction, e.g. with babbitt,
white metal, a polymer or some other material. Different
sliding surfaces can be coated with different material or
the same material. It is also possible to leave some or all
of the sliding surfaces without a coating or other surface
treatment.

[0018] According to an embodiment of the invention,
the first group of bearing pads comprises axial bearing
pads. Axial bearing pads support the first part on the sec-
ond part, in particular on the support structure of the sec-
ond part, axially. Preferably, the first part is the rotatable
part supported on the second part, which is the stationary
part, in an axial direction.

[0019] Preferably, atleasta partofthe plurality of open-
ings for replacing the bearing pads are axial openings
arranged circumferentially for axially displacing the bear-
ing pads through the openings for replacing the bearing
pads. Hence, the bearing pads are removable and/or in-
sertable through the axial openings. By providing the
openings in the circumference of the stationary part, a
removal and an insertion of the sliding pads in the axial
direction is enabled.

[0020] Preferably,atleasta partofthe plurality of open-
ings for replacing the bearing pads are radial openings
arranged circumferentially for radially displacing the
bearing pads through the openings for replacing the bear-
ing pads. Hence, the bearing pads are removable and/or
insertable through the radial openings. By providing the
openings in the circumference of the stationary part, a
removal and an insertion of the sliding pads in the radial
direction is enabled.
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[0021] According to another embodiment of the inven-
tion, the first part further comprises an annular second
sliding surface extending in the circumferential direction
of said fluid film bearing along the first part. The second
part further comprises a second group of bearing pads
coupled to the support structure and having a bearing
pad sliding surface configured to slide on the second slid-
ing surface. The second group ofbearing pads comprises
radial bearing pads.

[0022] To allow for a smooth rotation of the inner and
outer part with respect to each other preferably all used
sliding surfaces are essentially parallel to the circumfer-
ential direction of the bearing. Small angles of e.g. less
than one degree between the surface of the respective
sliding surface and the circumferential direction can ap-
pear due to tolerances during production, a misalignment
of components, etc.

[0023] According to another embodiment of the inven-
tion, the first part further comprises an annular third slid-
ing surface extending in the circumferential direction of
said fluid film bearing along the first part. The second
part further comprises a third group of bearing pads cou-
pled to the support structure and having a bearing pad
sliding surface configured to slide on the third sliding sur-
face. The third group of bearing pads comprises axial
bearing pads.

[0024] According to another embodiment of the inven-
tion, the first part is arranged on an outer circumference
of the second part and/or radially outwards of the second
part. With this configuration, the pads are more easily
accessible as they can be replaced from the radially inner
part of the second part, which is more easily accessible
than the radially outer part of the first part. Hence, the
first part is arranged on an outer circumference of the
second part.

[0025] According to another embodiment of the inven-
tion, the openings are arranged at the outer circumfer-
ence of the second part.

[0026] Preferably, the bearing pad is replaced from an
interior of the stationary part through an opening in the
outer circumference of the stationary part. The replace-
ment of the bearing pad from an interior of the stationary
part, hence the removal of the bearing pad and the in-
sertion of a replacement bearing pad, has the advantage
that the bearing pads are easily accessible from the in-
terior of the stationary part, in particular when the bearing
is used as a main bearing in a wind turbine.

[0027] According to another embodiment of the inven-
tion, the first part is a rotatable part, and the second part
is a stationary part.

[0028] Thebearing pads thus supportthe rotatable part
of the bearing on the stationary part of the bearing in an
axial and/or radial direction.

[0029] The bearing pads may be arranged for instance
in between the annular rotatable part and a stationary
part of the bearing supporting the rotatable part on the
stationary part.

[0030] The stationary part may be for instance a hollow
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shaft, or connected to a hollow shaft, respectively, where-
in the bearing pads are accessible from the interior of the
hollow shaft through one or more openings in the outer
circumference of the stationary part. The bearing pads,
which are arranged for instance between the outer cir-
cumference of the stationary part and the rotatable part
arranged on an outer circumference of the stationary part
and supported by the bearing pads on the stationary part,
may be removed and/or replaced at least partly in a radial
direction towards the interior, hence towards the centre,
of the stationary part. The stationary part may provide
one or more openings in its outer circumference, which
allow to access the bearing pads.

[0031] According to another embodiment of the inven-
tion, the fluid film bearing comprises an annular rotatable
part, a stationary part and a plurality of bearing pads,
wherein the stationary part is annular and the rotatable
partis arranged on a circumference of the stationary part,
wherein the rotatable part is supported on the stationary
part by the bearing pads in a radial and/or an axial direc-
tion, wherein the stationary part comprises a plurality of
axial and/or radial openings arranged circumferentially
and/or axially displaced in the circumference of the sta-
tionary part, wherein the bearing pads are removable
and/or insertable through the openings.

[0032] By providing the openings in the circumference
of the stationary part, an axial and/or radial removal
and/or an axial and/or radial insertion of the bearing pads
is enabled. The rotatable part may be arranged either on
an inner circumference of the stationary part or on an
outer circumference of the stationary part.

[0033] Bearing pads that support a rotatable part ar-
ranged on the outer circumference of the stationary part
may be removed in a radial inward direction towards a
centre point of the annular stationary part. Correspond-
ingly, bearing pads that support a rotatable part on the
inner circumference of the stationary part may be re-
placed in a radially outward direction through the open-
ings in the circumference of the stationary part. Radially
supporting bearing pads may be removed for instance
from an inside of the bearing by moving them axially out
of a cavity, or a recess, respectively, comprising an axial
opening and housing the radially supporting bearing pad.
[0034] According to another embodiment of the inven-
tion, the bearing pads are kept in position between the
first part and the second part by coupling means applying
aload between the first part and the second part, thereby
applying a force to the bearing pads arranged between
the first part and the second part and preventing the bear-
ing pads to shift. The coupling means are configured to
release the load between the first part and the second
part by untightening the coupling means.

[0035] According to another embodiment of the inven-
tion, the coupling means are bolts.

[0036] Preferably, the bearing pads are fixed to the
bearing by a bolted connection applying a force to the
bearing pad, wherein the force is released by untighten-
ing of the bolted connection, and/or by a form-fit connec-
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tion.

[0037] Ina preferred embodiment of the invention, the
bearing comprises an actuator arrangement with one or
more actuators, in particular at least one mechanical ac-
tuator and/or at least one hydraulic actuator, wherein the
actuator arrangement is adapted for removing a load of
the rotatable part from at least one of the bearing pads.
The at least one actuator of the actuator arrangement
may be arranged inside a bearing case of the bearing. It
is also possible that the at least one actuator is mounted
to an outside of a bearing case of the bearing, wherein
a coupling of the actuator towards the rotatable part and
the stationary part occurs for instance via a piston. It is
also possible that the bearing comprises at least one me-
chanical actuator and at least one hydraulic actuator,
wherein the at least one mechanical actuator is used to
secure the rotatable part displaced by the at least one
hydraulic actuator in the displaced position.

[0038] In a preferred embodiment of the invention, the
at least one actuator of the actuator arrangement is ar-
ranged circumferentially displaced from the bearing
pads. The bearing pads may be arranged between the
stationary part and the rotatable part circumferentially
and/or axially displaced for supporting the rotatable part
both in the radial and/or the axial direction on the station-
ary part. Preferably, the at least one actuator of the ac-
tuator arrangement is arranged circumferentially dis-
placed from each of the bearing pads. By providing an
actuator arrangement comprising a plurality of actuators,
the individual actuators may be arranged for instance
circumferentially in between the bearing pads so that a
compact size of the bearing is obtained.

[0039] In a preferred embodiment of the invention, the
actuator arrangement comprises at least one radial ac-
tuator arranged at least partly in between the stationary
part and the rotatable part for applying a radial force on
the rotatable part and/or at least one axial actuator ar-
ranged at least partly between the rotatable part and a
protrusion on the circumference of the stationary part for
applying an axial force on the rotatable part. The protru-
sion may be for instance a bearing cover mounted to the
stationary part or a protrusion of the circumference of the
stationary part. The protrusion may protrude from the cir-
cumference in particular adjacently to the rotatable part,
so that at least one actuator may be arranged between
the protrusion and the rotatable part for applying a force
on the rotatable part for unloading one or more of the
bearing pads.

[0040] Preferably, the bearing comprises a bearing
case, wherein the actuator arrangement is arranged in-
side the bearing case. The bearing case may be formed
for instance at least partly by a bearing cover and/or the
rotatable part and/or the stationary part, wherein the
bearing case houses in particular the contact area be-
tween the bearing pads, the rotatable part and/or a fluid
used in the bearing.

[0041] Hence, bearing pads typically comprise a con-
tact area that forms the sliding surface of the pad, also
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named the bearing pad sliding surface, and a support
part, such as a bearing case, used to mount the contact
area to the second part. The connection between the
contact area and the support part typically allows the con-
tact areato tiltin at least one direction to compensate for
slight misalignments of the inner and outer part and for
tolerances. The contact area can be connected to the
support part e.g. by a pivot, a ball-in-socket connection
or a flex support. Various approaches for providing such
pads are known in the prior art. It should be noted that
in some cases only the contact area is considered to be
the pad and the support part is considered to be the pad
support. The connection between the contact area and
the support part can also be formed as a single piece, e.
g. in the case of a flex support, the combination of these
parts can simply be referred to as pad.

[0042] Preferably, the one or more actuators of the ac-
tuator arrangement each are fixed to the stationary part
or the rotatable part of the bearing. During actuation of
the at least one actuator, the actuator fixed to one of the
parts of the bearing may couple to the respective other
part of the bearing to apply a force on the other part to
create a displacement between the stationary part and
the rotatable part causing an unloading of at least one of
the bearing pads of the bearing. The at least one actuator
may be attached directly or indirectly to the stationary
part or the rotatable part, respectively.

[0043] In a preferred embodiment of the invention, the
force is applied to the first part using the actuator arrange-
ment comprising at least one actuator, in particular at
least one mechanical actuator and/or at least one hy-
draulic actuator. The at least one actuator of the actuator
arrangement may push away the first part from the bear-
ing pad, so that the bearing pad is unloaded from the
weight of the first part. Therefore, already a small dis-
placement, for instance about 1 mm, is sufficient. By the
actuator arrangement, a force to the first part can be ap-
plied prior to the replacement of the bearing pad and
removed after replacement of the bearing pad, respec-
tively. As a hydraulic actuator, for instance a hydraulic
jack may be used.

[0044] The actuator arrangement and/or the bearing
may comprise a mechanical fixture device which fixes
the first part in its displaced position for securing it for
instance in the event of a power loss of a hydraulic ac-
tuator. As mechanical actuator, for instance a screw or
a threaded bolt may be used to push away the first part
from the second part. It is possible that at least one me-
chanical actuator and at least one hydraulic actuator are
used, wherein the at least one mechanical actuator is
used as mechanical fixture device to secure the first part
displaced by the at least one hydraulic actuator in the
displaced position.

[0045] Preferably, an axial force on the first part of the
bearing for replacement of an axially supporting bearing
pad and/or a radial force for replacement of a radially
supporting bearing pad is applied by the actuator ar-
rangement. For replacement of a bearing pad, which sup-
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ports the first part of the bearing in a radial direction on
the second part, a radial force may be applied to the first
part by the actuator arrangement unloading the radially
supporting bearing pad. Correspondingly, for unloading
an axially supporting bearing pad, an axial force may be
applied to the first part by the actuator arrangement for
unloading the axially supporting bearing pad. For unload-
ing a bearing pad, which supports the first part both in a
radial and in an axial direction, a combination of a radial
force and an axial force can be applied to the rotatable
part using the actuator arrangement. The actuator ar-
rangement may comprise one or more radial actuators,
which can apply each a radial force, and/or one or more
axial actuators, which can apply each an axial force.
[0046] In a preferred embodiment of the invention, at
least one actuator of the actuator arrangement is detach-
ably mounted to the bearing prior to the removal of the
load from the bearing pad to be replaced and/or at least
one actuator of the actuator arrangement is permanently
mounted to the bearing. The unloading of the bearing
pad can be conducted using an actuator arrangement
which is permanently mounted to the bearing. This allows
for instance to arrange the at least one actuator of the
actuator arrangement inside a bearing case, so that the
actuator can act directly on the first part of the bearing.
[0047] Itis also possible that at least one actuator of
the actuator arrangement is detachably mounted to the
bearing prior to the removal of the load from the bearing
pad to be replaced, so that no actuator has to be provided
as part of the bearing.

[0048] An actuator of the actuator arrangement mount-
ed in the course of the replacement procedure may be
attached for instance to an outer side of a bearing case
of the bearing, wherein the force created by the at least
one actuator is applied for instance by coupling a piston
of the actuator to the rotatable part of the bearing. The
actuator may be fixed on either the stationary part or the
rotatable part, wherein the actuator is coupled to the re-
spective other part allowing a displacement between the
rotatable part and the stationary part of the bearing to
unload one or more of the bearing pads. For coupling,
the piston of the actuator may be arranged inside an or-
ifice of a bearing cover, the stationary part and/or the
rotatable part, respectively.

[0049] Inapreferred embodimentoftheinvention, prior
to the insertion of the replacement bearing pad, a surface
treatment of a surface of the stationary part and/or a sur-
face of the rotatable part is conducted. The surface treat-
ment may be for instance a surface milling operation con-
ducted to clean and/or to repair a surface of the stationary
part and/or a surface of the rotatable part. This allows to
clean the surface at the position of the bearing pad, so
that for instance dirt and/or residues from the bearing
pad can be removed from the surfaces. Also corrosion
and/or fretting effects can be removed by the surface
treatment.

[0050] Therefore, a portable machining device may be
mounted in the space where the bearing pad is usually



9 EP 4 343 148 A1 10

mounted. The surface milling operation may be carried
out for instance on an interface of the stationary part with
the bearing pad to remove affected material. Preferably,
the milling device may include a cover arrangement
adapted to the size of an opening of the outer circumfer-
ence of the stationary part, in which the milling device is
inserted. By the cover arrangement, the surface that is
subject to the surface treatment may be covered to seal
the treated surface from the surrounding, in particular
from the interior of the bearing. This may prevent con-
tamination of an interior of the bearing, hence an unde-
sired intrusion of dust or the like created during the sur-
face treatment into an interior of the bearing is inhibited
advantageously.

[0051] According to another embodiment of the inven-
tion, each bearing pads is arranged in a cavity or arecess
of the support structure.

[0052] The bearing pad may be arranged in a cavity or
arecess of the stationary part. By untightening the bolted
connection, the force may be removed to unload the bear-
ing pad, so that it can be removed for instance towards
the interior of the stationary part. Vice versa, the replace-
ment bearing pad can be inserted and fixed again to the
bearing by tightening of the bolted connection after the
replacement of the bearing pad. The bolted connection
may apply a force to the bearing pad enabling a support
of the rotatable part on the bearing pad. By untightening
the bolted connection, the force can be removed from
the bearing pad and the bearing pad is unloaded, or the
rotatable part is unsupported from the bearing pad, re-
spectively. Vice versa, by tightening of the bolted con-
nection, the force can be applied again to the bearing
pad reestablishing the support of the rotatable part on
the bearing pad. Additionally, or alternatively, the bearing
padis fixed to the bearing by a form-fit connection, where-
in the bearing pad is arranged in a cavity or a recess of
the stationary part. The cavity or the recess may be in
particular an integral part of the stationary part and may
be located in particular in its outer circumference. The
bearing pad may be fixed in the cavity or the recess,
respectively, by the rotating part resting on the bearing
pad. One side of the cavity, or the recess, respectively,
may comprise an axial opening for replacement of an
unloaded bearing pad, in particular a radially supporting
bearing pad.

[0053] Yetanother aspect of the invention relates to a
method of replacing bearing pads of a fluid film bearing
for a rotor hub of a wind turbine. The fluid film bearing
comprises afirstpartand a second part rotatably coupled
to each other about a longitudinal axis. The first part com-
prises an annular first sliding surface extending in the
circumferential direction of said fluid film bearing along
the first part. The second part comprises a support struc-
ture and a first group of bearing pads coupled to the sup-
port structure and having a bearing pad sliding surface
configured to slide on the first sliding surface. The support
structure comprises a plurality of openings for replacing
the bearing pads.
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[0054] According to the method, the bearing pads are
replaced through a first opening of the plurality of open-
ings of the support structure by following the following
steps:

- reducing aload between the first part and the second
part by releasing a force applied to a first bearing
pad and/or by applying a force to the first part and/or
the second part,

- displacing the first bearing pad for reaching the first
opening,

- pulling the first bearing pad through the first opening,

- inserting a replacementfirst bearing pad through the
first opening and displacing the replacement first
bearing pad to the original position of the replaced
first bearing pad, and

- increasing the load between the first part and the
second part by increasing the force applied to the
replacement first bearing pad and/or by applying a
force to the first part and/or the second part so that
the replacement first bearing pad is kept in position.

[0055] The load between the first part and the second
part can be removed by releasing a force applied to the
bearing pad and/or by applying a force to the first part
and/or the second part, so that one or more of the bearing
pads become unloaded. When the load is removed at a
part of the bearing, the weight of the bearing and of the
components supported by the bearing is supported via
the remaining bearing pads. The unloading of a bearing
pad to be replaced may occur by removing a force, which
acts on the bearing pad pressing it towards the sliding
surface of the first part of the bearing. After removing the
force, the bearing pad is not tensioned anymore between
the rotatable part and the stationary part. Additionally, or
alternatively, the bearing pad to be replaced can also be
unloaded by applying a force in particular directly to the
first part, so that the first part is lifted and/or displaced
and the weight of the first part is not supported anymore
on the bearing pad to be replaced.

[0056] After removing the load, the unloaded bearing
pad can be displaced in an axial and/or a radial direction
of the bearing for reaching the first opening. The bearing
pad can be pulled in aradial inward direction to the centre
of the bearing, hence in the direction of a centre point of
the annular rotatable part in order to pull the bearing pad
through the first opening. Alternatively, the bearing pad
can be removed in a radial outward direction in order to
pull the bearing pad through the first opening. Also a com-
bination of an axial and a radial movement for removing
the bearing pad is possible. The removal of the bearing
pad at least partly in a radial direction has the advantage
thatno access, or a reduced access space, respectively,
from the axial direction to the fluid film bearing is required.
Furthermore, both bearing pads that support the bearing
in the axial direction and bearing pads that support the
first part in the radial direction on the second part can be
removed at least partly in the radial direction facilitating
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the replacement of the bearing pad.

[0057] After the removal of the bearing pad, a replace-
ment bearing pad is inserted at the position of the re-
moved bearing pad. The replacement bearing pad may
be for instance a new bearing pad or it can be the re-
moved bearing pad, which has been subject to mainte-
nance and/or repair procedures, for instance cleaning
procedures or the like. Also, the insertion of the replace-
ment bearing pad may occur in a radial direction, in par-
ticular in reverse direction to the removal of the bearing
pad.

[0058] After insertion of the replacement bearing pad,
the first part of the bearing is supported on the replace-
ment bearing pad by applying a force to the replacement
bearing pad and/or by removing the force applied to the
first part. By applying a force to the replacement bearing
pad, the replacement pad is pushed towards and/or
pressed on the first part of the bearing, so that the first
part is supported again on the bearing pad and therefore
also supported on the second part of the bearing. Addi-
tionally, or alternatively, also the force, which has been
applied to the first part for unloading the bearing pad,
may be removed, so that the first part is supported on
the bearing pad again.

[0059] The method for replacing the bearing pad ac-
cording to the invention has the advantage that the bear-
ing pads can be exchanged in-situ and one by one, so
that an exchange of the entire bearing is not required
even if all bearing pads of the bearing have to be re-
placed. This facilitates the maintenance of the bearing,
in particular for bearings used as main bearing in a wind
turbine. Providing a plurality of bearing pads in the bear-
ing allows for supporting the rotatable part on the station-
ary part on the remaining bearing pads of the bearing
during the removal of the load of the rotatable part from
one of the bearing pads, or a part of the bearing pads,
respectively. This facilitates the repair and/or the main-
tenance of the fluid film bearing since for instance a one-
by-one replacement of damaged or worn bearing pads
becomes possible. Also an updating of the bearing by
replacing the mounted bearing pads by improved bearing
pads as replacement pads is possible.

[0060] Contrary to an exchange of the entire bearing,
no external cranes and/or vessels are required. Further-
more, since only single bearing pads are removed or in-
serted, respectively, the replacement of the bearing pads
may be performed manually and/or by usage of a lifting
device manually installable prior to the replacement pro-
cedure in the vicinity of the bearing. This significantly
reduces the effort for replacing one or more of the bearing
pads of the bearing facilitating repair procedures and/or
maintenance procedures and reducing their costs.
[0061] According to another embodiment of the inven-
tion, a second bearing pad is replaced through the first
opening following the steps for replacing the first bearing
pad through the first opening.

[0062] According to another embodiment of the inven-
tion, a rope or string is attached to the first bearing pad
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and/or to the second bearing pad for pulling the first bear-
ing pad and/or the second bearing pad through the first
opening.

[0063] According to another embodiment of the inven-
tion, the first and second bearing pads are both replaced
before the load between the first part and the second part
is increased in the last step of the method.

[0064] Yet another aspect of the invention relates to a
wind turbine comprising a fluid film bearing for a rotor
hub of said wind turbine. The fluid film bearing comprises
a first part and a second part rotatably coupled to each
other about a longitudinal axis. The first part comprises
an annular first sliding surface extending in the circum-
ferential direction of said fluid film bearing along the first
part. The second part comprises a support structure and
afirst group of bearing pads coupled to the support struc-
ture and having a bearing pad sliding surface configured
to slide on the first sliding surface. The support structure
comprises a plurality of openings for replacing the bear-
ing pads.

[0065] For a wind turbine according to the invention,
the details and advantages of a fluid film bearing accord-
ing to the invention apply correspondingly. For a wind
turbine according to the invention and for a fluid film bear-
ing according to the invention, also the details and ad-
vantages of a method for replacement a bearing pad of
a rotational fluid film bearing apply correspondingly.
[0066] In order to facilitate the understanding of the
characteristics of the invention and being an integral part
of this specification, some drawing sheets are attached
on which figures, with an illustrative but not limiting char-
acter, the following is represented:

Fig. 1 a wind turbine comprising a fluid film
bearing as known in the prior art,

Fig. 2 a wind turbine comprising another fluid
film bearing as known in the prior art,
Fig. 3 a fluid film bearing for a rotor hub of a
wind turbine according to an embodi-
ment of the pre-sent invention,

Fig. 4 a first part of the fluid film bearing for a
rotor hub of a wind turbine according to
another embodiment of the present in-
vention,

Fig. 5and 6 thereplacementof bearing pads in a fluid
film bearing for a rotor hub of a wind tur-
bine according to another embodiment
of the present invention.

[0067] Fig. 1 shows a detailed view of a wind turbine
1 as known in the prior art that comprises a rotor hub 3
rotatably connected to a housing 4 of a generator of the
wind turbine 1 using a fluid film bearing 2. The rotor hub
3 is mounted to a first part 10 of the fluid film bearing 2
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using a torque-prove connection, for example a flange
connection. Alternatively, the hub 3 and the first part 10
can be formed, e.g. cast, as a single piece.

[0068] Thefirstpart10isalsoconnected tothehousing
4 using a torque-prove connection. The housing 4 can
be used to carry a rotor of a generator of the wind turbine
1 that is not shown in fig. 1 for reasons of simplicity and
clarity.

[0069] The second part 11 of the fluid film bearing 2
has an annular shape and can be formed as one piece
or connected to a stator shaft which carries the stator of
the generator of the wind turbine 1 that is not shown for
reasons of simplicity and clarity.

[0070] Hence, the first part 10 is the rotatable part of
the fluid film bearing 2 connected to the rotor hub 3 and
to the housing 4 and the second part 11 is the stationary
part of the fluid film bearing 2 connected to the stationary
shaft supporting the stator of the generator.

[0071] Details concerning the lubrication of the fluid
film bearing, e.g. seals and pumps that can optionally be
used to transport the lubricant, are omitted in the present
figure.

[0072] The bearing pads 12, 13 are distributed along
a circumference of the second part 11 in three different
groups for supporting the first part 10. The first and third
group of bearing pads 12, 13 is a group formed by axial
bearing pads 12, which slide on the first and third sliding
surface 14, 16 respectively and provide axial support in
both axial directions. The second group of bearing pads
12, 13 is a group formed by radial bearing pads 13, which
slide on the second sliding surface 15 and provide radial
support. Therefore, the first part 10 is supported in both
axial directions and in the radial direction on the second
part 11.

[0073] Each of the bearing pads 12, 13 has a respec-
tive bearing pad sliding surface 17 that supports the an-
nular first sliding surface 14 and the annular third sliding
surface 16 of the first part 10 in the axial direction and
the annular second sliding surface 15 in the radial direc-
tion. The sliding surfaces 14, 15, 16 can e.g. be coated
to improve the robustness of the sliding surface and/or
further reduce friction. While the sliding surfaces 14, 15,
16 are typically not in direct contact during the normal
operation, since a thin lubricant film is arranged between
the sliding surfaces 14, 15, 16, contact between the slid-
ing surfaces 14, 15, 16 can e.g. occur at slow rotating
speeds or when pumps used to transport the lubricant
are not working.

[0074] The bearing pad sliding surface 17 can have a
convex shape. The convex shape of the bearing pad slid-
ing surface 17 can match the shape of the respective
annular sliding surface 14, 15, 16, that is at least approx-
imately circular in the same sectional plane. Another ad-
vantage of using a convex surface is an avoidance of
acute angles at the edges of the bearing pad sliding sur-
face 17. This can help to reduce wear and tear of the
bearing pad sliding surface 17 and the annular sliding
surface 14, 15, 16.
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[0075] Bearing pads 12, 13 typically allow a certain
amount of tilting of the bearing pad sliding surface 17 of
the respective bearing pad 12, 13 with respect to a sup-
port section of the bearing pad 12, 13 used to support
the bearing pad 12, 13 against a mounting surface or
some other mounting point. The bearing pad sliding sur-
face 17 is typically provided by a contact section that is
mounted to the support section by a mechanism to allow
forthetfilting, e.g. by a pivot or a ball-in-socket connection.
Itis also possible to provide a flex support as the mech-
anism that allows tilting. The contact section and the sup-
port section can be formed from the same material con-
nected by a thinner part of the same material forming the
mechanism allowing the tilting.

[0076] Thefirst part 10 is arranged on an outer circum-
ference of the second part 11. The support structure 18
of the second part 11 comprises a plurality of openings
20 providing access to the bearing pads 12, 13 for re-
placing the bearing pads 12, 13. Each opening 20 cor-
responds to one bearing pad 12, 13, hence the number
of openings 20 and the number of bearing pads 12, 13
is the same. In other words, for each bearing pad 12, 13
there is an opening 20 in the support structure 18 for
replacement of the bearing pad 12, 13.

[0077] As indicated by the arrows, the bearing pads
12, 13 are radially removed and the replacement pads
inserted into openings 20 of the support structure 18 of
the second bearing part 11 when they need to be re-
placed. As each bearing pad 12, 13 has a specific open-
ing 20 for this process, the bearing pad 12, 13 to be re-
placed is taken out of the seat in a radial direction towards
the centre of the second part 12 of the fluid film bearing
2. This process applies to axial bearing pads 12 and to
radial bearing pads 13.

[0078] After removal of bearing pads 12, 13 through
the respective opening 20, the bearing pads 12, 13 can
then be transported out of the fluid film bearing 2 and out
of the wind turbine 1.

[0079] After removal of bearing pads 12, 13 through
the respective opening 20, replacementbearing pads 12,
13 can be inserted through the respective openings 20
and be placed on the original position of the removed
bearing pads 12, 13 between the support structure 18
and the first part 10.

[0080] In particular, the replacement of bearing pads
12, 13 may be performed manually or by using a lifting
device manually installed prior to the replacement pro-
cedure in the vicinity of the fluid film bearing 2.

[0081] Figure 2 shows another example of a fluid film
bearing 2 known in the prior art where for each bearing
pad 12, 13, the support structure 18 comprises one open-
ing 20.

[0082] Since the rotatable part, which is the first part
10 in this example, of the fluid film bearing 2 is supported
on the stationary part, which is the second part 11 in this
example, the bearing pad 12, 13 to be removed has to
be unloaded from the weight of the first part 10. For un-
loading specific bearing pads, coupling means 22 can be
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untightened. The coupling means 22 shown in this Figure
are bolts. By untightening the bolts close to a specific
bearing pad 12, 13, the bearing pad 12, 13 can be re-
moved and replaced.

[0083] Hence, the bearing pads 12, 13 are fixed be-
tween the support structure 18 and the first part 10 by a
bolted connection comprising a plurality of bolts fixating
a cover plate (not shown in the figure) to the stationary
part. By tightening the bolted connection, hence by bolt-
ing the plate to the stationary part using the bolts, the
radially supporting bearing pad 12, 13 is pressed against
the rotatable part of the fluid film bearing 2. In a mounted
state of the radially supporting bearing pad 12, 13, aforce
is acting on the bearing pad due to the weight of the
rotatable part of the fluid film bearing 2 and/or due to the
bolted connection, respectively.

[0084] Forremoving the load of the rotatable part from
the radially supporting bearing pad 12, 13, the bolted
connection can be released, and the plate can be re-
moved. Afterwards, the bearing pad 12, 13 can be re-
moved from the fluid film bearing 2 in a radial direction
towards the centre of the stationary part. After insertion
of a replacement bearing pad 12, 13 into the opening 20,
the plate can be fixed again to the stationary part by tight-
ening the bolted connection. By tightening the bolted con-
nection, the rotatable part of the fluid film bearing 2 is
supported again on the replaced bearing pad 12, 13.
When one of the radially supporting bearing pads 12, 13
is unloaded, the rotatable part on the bearingis supported
on the remainder of the radially supporting bearing pad
12, 13 of the bearing and/or the axially supporting bearing
pads 12 of the fluid film bearing 2, respectively.

[0085] Itis also possible that the opening 20 is an axial
opening of a radially cavity or a radially recess, in partic-
ular a radially inward recess in the outer circumference,
of the stationary part housing the radially supporting
bearing pad 12, 13, so that the unloaded bearing pad 12,
13 may be removed in an axial direction from the recess
axially towards one side of the fluid film bearing 2, in
particular towards a side connected to the rotor hub 3 of
the wind turbine 1, and/or in a radial direction towards
the interior of the fluid film bearing 2. Also, a tilted orien-
tation of the opening 20 to the outer circumference of the
stationary part is possible so that the bearing pad 7 may
be removed and/or replaced in a combined axial and ra-
dial movement. This is also possible for the embodiments
shown in combination with the present invention. In a
loaded state, the bearing pad 12, 13 is fixed in a form-fit
connection in the recess, wherein after unloading the
bearing pad 12, 13, a replacement of the bearing pad 12,
13 becomes possible.

[0086] Hence, during replacement of bearing pads 12,
13, a load between the first part 10 and the second part
11 isremoved by releasing a force applied to the bearing
pads 12, 13 and/or by applying a force to the first part 10
for supporting the first part 10. Afterwards, the unloaded
bearing pads 12, 13 are removed in an axial and/or radial
direction through the respective openings 20 and re-
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placement bearing pads 12, 13 are inserted. Then, the
first part 10 is supported on the replacement bearing pad
12, 13 by applying a force to the replacement bearing
pad 12, 13 and/or by removing the force applied to the
first part 10.

[0087] Fig. 3 shows a fluid film bearing 2 for a rotor hub
3 of a wind turbine 1 according to an embodiment of the
present invention. The fluid film bearing 2 comprises a
first part 10 and a second part 11 rotatably coupled to
each other about a longitudinal axis.

[0088] The second part 11 comprises a support struc-
ture 18 and a first group of bearing pads 12, 13 coupled
tothe support structure 18. The support structure 18 com-
prises a plurality of openings 20 for replacing the bearing
pads 12, 13. In the present figure, an axial bearing pad
12 is being replaced through an axial opening on the
inner circumference of the second part 11 and a radial
bearing pad 13 is being replaced through aradial opening
on the lateral side of the support structure 18 of the sec-
ond part 11.

[0089] The numberofopenings 20 in the support struc-
ture 18 is lower than the number of bearing pads 12, 13
so that at least two bearing pads 12, 13 can be replaced
through one of the openings 20.

[0090] The bearing pads 12, 13 are kept in position
between the first part 10 and the second part 11 by cou-
pling means 22 applying a load between the first part 10
and the second part 11, thereby applying a force to the
bearing pads 12, 13 arranged between the first part 10
and the second part 11 and preventing the bearing pads
12, 13 to shift. The coupling means 22 are configured to
release the load between the first part 10 and the second
part 11 by untightening the coupling means 22. The cou-
pling means 22 are a bolted connection. In particular, the
bearing pads 12, 13 are fixed to the fluid film bearing 2
by the bolted connection comprising a plurality of bolts
exerting a pressure between the first part 10 and the sec-
ond part 11. In a mounted state of the bearing pads 12,
13, a force is acting on the bearing pads 12, 13 due to
the weight of the first part 10 and the second part 11
and/or due to the bolted connection.

[0091] The coupling means 22 can also be directly
used to fix the bearing pads 12, 13 to the second part
11. By tightening the coupling means 22, more force is
exerted from the bearing pad 12, 13 to the sliding surface
14, 15, 16. Preferably, the bearing pads 12, 13 are fixed
on the stationary part of the bearing 2 each by a bolted
connection comprising a plurality of bolts.

[0092] After untightening the bolts, the bearing pads
12, 13, or the sliding part of the bearing pads 12, 13, can
be removed from the fluid film bearing 2. Depending on
the location of the opening 20, the bearing pads 12, 13
are removed in a radial direction or in an axial direction.
After insertion of the replacement bearing pads 12, 13
into the opening 20, the load can be applied again to
keep the bearing pads 12, 13 by tightening the coupling
means 22.

[0093] Fig. 4 shows a first part 10 of the fluid film bear-
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ing 2 for a rotor hub 3 of a wind turbine 1 according to
another embodiment of the present invention. The axial
bearing pads 12 and the radial bearing pads 13, which
are coupled to the second part 11, are shown in this fig-
ure. However, the second part 11 is not shown in the
figure. The axial bearing pads 12 have a bearing pad
sliding surface 17 which slides in the first group of axial
bearing pads 12 on the first sliding surface 14 of the first
part 10 and in the second group of axial bearing pads 12
on the third sliding surface 16 of the first part 10. The
second part 11 further comprises radial bearing pads 13.
The radial bearing pads 13 have a bearing pad sliding
surface 17 which slides on the second sliding surface 15
of the first part 10.

[0094] Fig. 5 and 6 show the replacement of bearing
pads 12, 13 in a fluid film bearing 2 for a rotor hub 3 of a
wind turbine 1 according to another embodiment of the
present invention. The replacement is done by means of
a rope 21, which can be attached to the sliding pad 12,
13 to be replaced so that the sliding pad 12, 13 can be
shifted to the opening 20 for replacement.

Reference numbers
[0095]

Wind turbine
Fluid film bearing

Rotor hub
Housing

A ON -

10  First part

11 Second part

12  Axial bearing pad

13  Radial bearing pad

14 First sliding surface

15  Second sliding surface (for radial pads)
16  Third sliding surface

17  Bearing pad sliding surface

18  Support structure

20  Opening
21 Rope
22 Coupling means

Claims

1. Fluid film bearing (2) for a rotor hub (3) of a wind
turbine (1) comprising a first part (10) and a second
part (11) rotatably coupled to each other about a lon-
gitudinal axis, wherein the first part (10) comprises
an annular first sliding surface (14) extending in the
circumferential direction of said fluid film bearing (2)
along the first part (10), wherein the second part (11)
comprises a support structure (18) and a first group
ofbearing pads (12, 13) coupled to the support struc-
ture (18) and having a bearing pad sliding surface
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10

(17) configured to slide on the first sliding surface
(14),

wherein the support structure (18) comprises a plu-
rality of openings (20) for replacing the bearing pads
(12, 13), characterized in that the number of open-
ings (20) in the support structure (18) is lower than
the number of bearing pads (12, 13) so that at least
two bearing pads (12, 13) can be replaced through
one of the openings (20).

Fluid film bearing (2) according to claim 1, wherein
the first group of bearing pads (12, 13) comprises
axial bearing pads (12).

Fluid film bearing (2) according to claim 1 or 2, where-
in the first part (10) further comprises an annular sec-
ond sliding surface (15) extending in the circumfer-
ential direction of said fluid film bearing (2) along the
first part (10), wherein the second part (11) further
comprises a second group of bearing pads (12, 13)
coupled to the support structure (18) and having a
bearing pad sliding surface (17) configured to slide
on the second sliding surface (15), wherein the sec-
ond group of bearing pads (12, 13) comprises radial
bearing pads (13).

Fluid film bearing (2) according to any of the claims
1 to 3, wherein the first part (10) further comprises
an annular third sliding surface (16) extending in the
circumferential direction of said fluid film bearing (2)
along the first part (10), wherein the second part (11)
further comprises a third group of bearing pads (12,
13) coupled to the support structure (18) and having
a bearing pad sliding surface (17) configured to slide
on the third sliding surface (16), wherein the third
group of bearing pads (12, 13) comprises axial bear-
ing pads (12).

Fluid film bearing (2) according to any of the preced-
ing claims, wherein the first part (10) is arranged on
an outer circumference of the second part (11)
and/or radially outwards of the second part (11).

Fluid film bearing (2) according to claim 5, wherein
the openings (20) are arranged at the outer circum-
ference of the second part (11).

Fluid film bearing (2) according to any of the preced-
ing claims, wherein the first part (10) is a rotatable
part and the second part (11) is a stationary part.

Fluid film bearing (2) according to any of the preced-
ing claims, wherein the bearing pads (12, 13) are
kept in position between the first part (10) and the
second part (11) by coupling means (22) applying a
load between the first part (10) and the second part
(11), thereby applying a force to the bearing pads
(12, 13) arranged between the first part (10) and the
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second part (11) and preventing the bearing pads
(12, 13) to shift, whereby the coupling means (22)
are configured to release the load between the first
part (10) and the second part (11) by untightening
the coupling means (22).

Fluid film bearing (2) according to claim 8, wherein
the coupling means are bolts.

Fluid film bearing (2) according to any of the preced-
ing claims, wherein each bearing pad (12, 13) is ar-
ranged in a cavity or recess of the support structure
(18).

Method of replacing bearing pads (12, 13) of a fluid
film bearing (2) according to any of the claims 1 to
10through afirst opening (20) of the plurality of open-
ings (20) of the support structure (18), the method
comprising the steps of:

- reducing a load between the first part (10) and
the second part (11) by releasing a force applied
to afirst bearing pad (12, 13) and/or by applying
a force to the first part (10) and/or the second
part (11),

- displacing the first bearing pad (12, 13) for
reaching the first opening (20),

- pulling the first bearing pad (12, 13) through
the first opening (20),

- inserting a replacement first bearing pad (12,
13) through the first opening (20) and displacing
the replacement first bearing pad (12, 13) to the
original position of the replaced first bearing pad
(12, 13), and

- increasing the load between the first part (10)
and the second part (11) by increasing the force
applied to the replacement first bearing pad (12,
13) and/or by applying a force to the first part
(10) and/or the second part (11) so that the re-
placement first bearing pad (12, 13) is kept in
position.

Method of replacing bearing pads (12, 13) of a fluid
film bearing (2) according to claim 11, wherein a sec-
ond bearing pad (12, 13) is replaced through the first
opening (20) following the steps for replacing the first
bearing pad (12, 13) through the first opening (20).

Method of replacing bearing pads (12, 13) of a fluid
film bearing (2) according to claim 12, wherein arope
(21) or string is attached to the first bearing pad (12,
13) and/or to the second bearing pad (12, 13) for
pulling the first bearing pad (12, 13) and/or the sec-
ond bearing pad (12, 13) through the first opening
(20).

Method of replacing bearing pads (12, 13) of a fluid
film bearing (2) according to claim 12 or 13, wherein
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1"

15.

20

the first and second bearing pads (12, 13) are both
replaced before the load between the first part (10)
and the second part (11) is increased in the last step
of the method.

Wind turbine (1) comprising a fluid film bearing (2)
according to any of the claims 1 to 10.
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